~" During the 14-year period up to September, 1975, 346 patients with a single anterior communicating artery aneurysm, including eight with unruptured aneurysms, were operated on by direct intracranial procedures. There was an early operative mortality of 5.5%. Follow-up studies, an average of 3 years 11 months after surgery, revealed that about 85% of the survivors, excluding those who could not be followed, had regained their working capacity, and that the late mortality and morbidity rates were 9.6% and 2.0%, respectively. The rationale for performing the intracranial operation and factors influencing postoperative results are discussed, with particular emphasis on the techniques for accurate treatment of aneurysms that help to prevent postoperative rebleeding and therefore give better overall surgical results.
T rtE anterior communicating artery (ACoA) is known to be the most frequent location of intracranial aneurysms, but there has been much controversy as to the best mode of treatment of aneurysms at this particular site. H'xS,23aT'a4 Since 1961, we have had the policy that every aneurysm is treated by a definitive intracranial procedure, unless the patient is comatose or his condition is rapidly deteriorating. The purpose of this paper is to present our rationale for direct intracranial surgery, based on our experiences with a considerable number of patients with aneurysms of the ACoA.
Clinical Materials and Methods

Patient Selection
Among 1000 patients with saccular aneurysms operated on intracranially from June, 1961, to September, 1975, 8 346 had a solitary aneurysm of the ACoA, and 80 had multiple aneurysms, including one at that artery. In order to simplify the factors influencing the surgical results, only the 346 cases with a single ACoA aneurysm are discussed in this paper. Patients with aneurysms of the proximal or distal anterior cerebral artery are not included. Table 1 summarizes the distribution of the patients by age and sex. The age on admission ranged from 16 to 72 years, with most patients in the fifth decade of life. Males were more numerous in almost all age brackets, unlike the female predominancy in patients with aneurysms at other sites? ~ In six patients the aneurysm was larger than 21 mm in diameter. In eight patients the aneurysm was unruptured. The condition at surgery according to Hunt's criteria 7 (without the proviso for systemic diseases or vasospasm), and the surgical timing in the 338 patients with a ruptured aneurysm are tabulated in Table 2 . The condition was relatively good (Grades I, Ia, and II) in 70% of the patients, and poor (Grades III and IV) in 30%. Aneurysm surgery was considered not indicated for Grade V patients unless their grave condition had improved due to ventricular drainage a~ or other treatment, in which case these patients were placed in an improved grade. The interval between the last hemorrhage and the operation was less than 1 week in 14.5% of the series, and less than 2 weeks in about 35% of the cases. Twenty patients (5.9%) were operated on within 48 hours. Since 1972, we have preferred to operate at this peracute stage.
Surgical Procedures and Surgical Adjuncts
Definitive procedures to occlude the aneurysm at its neck were carried out in most of the patients. Our current procedure, ligation plus clipping to make doubly sure of occlusion, was used most frequently in the series (Table 3) . Wrapping with muscle pieces and Aron alpha adhesive (ethylcyanoacrylate) was added in many cases to prevent clips from slipping, but this technique was used alone only when the aneurysm was a very small bleb. Proximal ligation" was never intended, and actually not performed except for one early case in which the anterior cerebral arteries had to be clipped because of premature rupture. About 97% of the patients were operated on by one of us (J.S.) without the aid of a microscope.
The aneurysms were approached interhemispherically through a bifrontal craniotomy in 92% of the series, and via a small unifrontal craniotomy, either on the left or right side, in the remaining 8%. In 
Classification of the Surgical Results
The patients' condition was evaluated on discharge and again at the follow-up examination. The criteria used for evaluating the survivors are as follows:
Excellent: capable of working without neurological deficits Good: capable of working with minimal neurological or psychiatric deficits Fair: with at least one of the following three disabilities: inability to walk independently, psychiatric symptoms, or aphasia Poor: inability to walk, even with assistance.
Throughout this paper a case is counted as an operative death when the patient died before leaving the hospital. Of the 327 patients who were discharged, 93% were followed by close examination or correspondence; 24 patients were lost to follow-up review. The duration of the follow-up periods for known survivors was from 6 months to 14 years 5 months after surgery; the average was 3 years 11 months; 64% of the patients were followed at least 2 years. Table 4 summarizes the surgical results of the 346 patients on discharge. Three-quarters of the patients had excellent or good results, whereas operative death occurred in 19 patients (5.5%) during hospitalization.
Results
Early Surgical Results
Main causes of the deaths are listed in Table 5 . The most frequent cause was vasospasm which developed or worsened postoperatively, particularly in Grade III or IV patients operated on between 3 and 11 days after the last hemorrhage. Many of these patients had destruction of the anterobasal wall of the third ventricle, which was confirmed during the aneurysm surgery. Three deaths were attributable to the surgical procedure: one was caused by a postoperative hematoma, one by rerupture after an incomplete operation, and one by multi-clippings of the proximal and distal cerebral arteries. The latter two patients were treated in the very early years of the series. Two patients died after surgery that would not have been performed today under our current policy that a patient should not be operated on unless his level of consciousness is stabilized or improving. They were operated on within 3 and 5 hours of the last bleed, respectively, with not enough time to recover consciousness. Four patients died of other complications: postoperative pneumonia, meningitis, extreme water and electrolyte imbalance, and hypertensive intracerebral hematoma.
Comparison of the operative mortality in the years 1961 through 1975 (Table 6 ) reflects improvements in the surgical techniques as well as a change of policy for surgical indications. The average surgical mortality was 6.4% during the years up to 1970, when the policy for surgery of ruptured aneurysms had not yet been fully established. During this early period, intracranial surgery was generally avoided for patients who were in a serious condition soon after hemorrhage. The mortality rate increased to 10.4% temporarily in 1972 when we first adopted the policy of operating on severe cases and those in the peracute stage; however, it decreased yearly after we had established criteria for the selection of poor-risk patients and techniques in early-stage surgery. 6 The main causes of poor results on discharge are shown in Table 7 . Among the 27 patients with poor results, eight had disturbances of consciousness and seven were in a vegetative state on discharge. Poor results were attributable to severe and mostly established disabilities due to preoperative damage from aneurysm rupture, and in most cases to postoperative vasospasm.
Late Results
Of the patients with follow-up review, about 85% were capable of working (either excellent or good results), whereas 29 patients or 9.6% had died ( Table  8 ). The cause of these deaths was directly or indirectly related to aneurysm surgery in 13 patients. In 14 patients death had no connection with surgery, and resulted from cerebrovascular disease other than aneurysm rupture in five patients, malignant neoplasm in five, traffic accident in two, status epilepticus in one, and myocardial infarction in one. The remaining two patients died of unknown causes. The average period of survival after surgery was 9.2 months for the patients who died from causes related to surgery, and 28.5 months for those unrelated to surgery. A good many survivors showed substantial improvement of their condition as time elapsed after they left the hospital. A study of the 327 patients who were discharged (Table 9) shows that 63% of the cases categorized as "good," 59% of those listed as "fair," and 37% of those graded "poor" on discharge improved, so that they were placed in the upper ranks at the final follow-up study. This was particularly remarkable in the 12 patients categorized as "poor," who had no disturbance of consciousness on discharge; five of these improved to excellent at followup review. On the other hand, most of the other 15 patients classified as "poor," who had disturbance of consciousness or were in a vegetative state, remained unchanged or died after discharge.
No recurrent hemorrhage has been reported so far from any patient who lived to be discharged from the hospital.
The late morbidity (patients classified as "poor" at final follow-up examination) was six patients, or 2% of the survivors. The cause of these "poor" results was attributed to preoperative or postoperative vasospasm in three patients (one in Grade II, one in Grade III, and one in Grade IV), severe ankylosis of the extremities established preoperatively in one Grade Ia patient, senile dementia in a 75-year-old man (Grade I) who had been graded as "excellent" for 2 years after surgery, and incidental brain-stem infarction in one (Grade III).
In at least six of 12 patients who were still considered fair at follow-up review, the condition was characterized by residual psychiatric symptoms, such as Korsakofrs syndrome, amnesia (especially recent memory disturbance), and disorientation (Table 10 ). All of these patients were operated on after an episode of bleeding associated with unconsciousness and, except for one, had already developed psychiatric symptoms before the operation. Organic brain damage due to intracerebral hematoma or vasospasm was commonly confirmed in these patients. Table 11 shows the overall surgical results with respect to some risk factors. Of the total 346 patients operated on, about three-quarters returned to normal life, whereas 5.5% died during hospitalization, an additional 8.4% died during the follow-up period, 1.7% became late morbidity cases, and 6.9% were lost to follow-up review. Further analyses of the 338 patients with ruptured aneurysms revealed that the preoperative condition was the most important factor. In the good-risk patients (Grades I, Ia, and II), 83% were either excellent or good at follow-up review, and only 0.8% died during hospitalization. On the other hand, in the poor-risk patients (Grades III and IV), only 53% were excellent or good, and 15.8% died in hospital. The late mortality and morbidity related to the surgery were also higher in the poor-risk than in the good-risk group. The surgical results were also closely related to the surgical timing (Table 11 ). More than 82% of the patients operated on after 3 weeks of the last bleed were excellent or good, and only 1.1% died during hospitalization. On the other hand, excellent or good results were achieved in less than one-half of the patients operated on between 3 and 7 days after the last bleed. The early mortality and morbidity were highest in this group. However, the results of peracute surgery (within 48 hours after the last hemorrhage) were better than those of surgery done later in the first week. Of the 17 patients who had no more attacks within 1 week before the last bleed and who were operated on within 2 days of the last bleed, only one died in the hospital, 14 (82.3%) had excellent or good results, one was fair, and the last one died of unknown causes 14 months after surgery.
Overall Surgical Results
Age affected the surgical results less than the above two factors, although generally excellent or good rates were lower and mortality and morbidity were higher with advancing age (Table 11 ).
Discussion
The direct intracranial occlusion of the aneurysmal neck is ideal for treating aneurysms, including those at the ACoA, and this was actually accomplished as early as the 1930's? ~ In the Cooperative Study, 2s this method was not regarded as superior to other modes of treatment, such as ligation of the leading artery to aneurysms, or even medical management.
McKissock and his colleagues 15 cast doubt upon the efficacy of surgical treatment of ACoA aneurysms because they found no difference in the results of controlled trials of surgical and conservatively treated groups; their intracranial surgery consisted mainly of proximal clipping or wrapping. Reports from the Cooperative Study also seem to be pessimistic. 5'2a According to Graf and Nibbelink, 5 the operative mortality for the 149 patients with anterior cerebral and ACoA aneurysms in that series was prohibitively high (34%, even in Grades 1 and 2) and only 44% of the survivors could return to work. They reported also a surprisingly high rebleeding rate (26%) as the cause of postoperative deaths.
Many subsequent studies 1,3,13 including patients operated on in their early years also showed doubledigit operative mortality rates, although Norl6n 1~ lowered the operative mortality to 1.6% in patients operated on at least 3 weeks after the last hemorrhage. However, more recent experience 19'Ss's' with or without microsurgical technique have resulted in much lower mortality and higher functional survival rates.
In Drake's series 2 of 140 patients (excluding giant aneurysm cases) the mortality rate totalled 18.6%, but in 84 patients operated on since 1966 it was decreased to only 2.4%. He feels that these better results were probably achieved by abandoning urgent early operations within a day or two of hemorrhage, hypothermia, and poor-grade patients. In the present series, there was only one postoperative death among the 82 patients operated on in 1974 and 1975. These recent low operative mortality rates are a clear reflection of improvements in surgical techniques, and mean that direct neck occlusion of ACoA aneurysms is not as hazardous as previously thought if it is carried out by skilled hands with a critical selection of patients and timing of the operation.
One of the objections to direct surgery on ACoA aneurysms may be that it is not always possible to obliterate these aneurysms completely at their neck and some aneurysms recur despite accurate neck clipping. sl However, complete obliteration of the neck can be accomplished by exposing the entire aneurysm: not only its neck but its whole body. Incomplete dissection may result in overlooking another bulge of the same or other aneurysm or injury of the branches of the ACoA complex by the clip. Probably the ACoA is the best place to obliterate the aneurysm completely, because the anatomical relationship between the aneurysm and the afferent and efferent arteries on both sides can be clearly identified, and then the neck can be treated accurately. This view is supported by the following two facts: 1) that known postoperative rebleeding occurred in only one patient whose aneurysm was incompletely treated, and 2) that only 1.3% of the patients examined by postoperative angiography showed a residual aneurysm, s~ In these cases, all of which were operated on before 1963, the aneurysm was not totally exposed. A premature rupture, if it occurs during dissection, can be easily managed by temporary occlusion of the afferent and efferent arteries. In order to allow the longest possible temporary occlusion, we currently administer mannitol immediately before craniotomy by intravenous drip? 6, s6 We prefer the bifrontal and interhemispheric approach for ACoA aneurysms (although other small unifrontal or frontotemporal craniotomies have also been tested). This approach gives the surgeon a better view with less retraction of the brain than other techniques, and therefore facilitates access to the anterior cerebral arteries and their branches on both sides. Moreover, this approach gives the opportunity for the surgeon to remove clots, which may cause postoperative vasospasm and block the cerebrospinal fluid circulation, as widely as possible from the subarachnoid cisterns. A disadvantage of this approach is that the olfactory nerves may be torn or avulsed during the operative procedure, but we have been able to preserve them in recent surgery by careful dissection from the frontal lobes before the aneurysm is approached.
As is widely accepted, we believe that both the grade at the operation and the time span between rup-ture and intracranial surgery greatly affect the surgical results. 2a, 8 As shown in the present study, the operative mortality and morbidity are very low and results are more favorable in Grade I, Ia, and II patients, whereas the operative mortality and morbidity are high and the results are less favorable in Grade III and IV patients. However, the questions arise as to whether the operative mortality is significantly low in good-risk patients s2 and significantly high in poor-risk patients compared to those patients who are treated conservatively. Graf,' using data from the Cooperative Study, reported 68% deaths in 3 years in 830 patients with a single aneurysm in the anterior circle of Willis who were treated conservatively; the risk of rebleeding was highest for aneurysms of the ACoA. In the series of McKissock, et al., 15 about 40% of the 153 conservatively treated patients (Category B) died over a period of 6 months, and 52% returned to work. If these statistics are used for comparison, the efficacy of definitive intracranial surgery, with its recent advances, in the treatment of ACoA aneurysms is obvious, although it is difficult to assess the exact comparability between the two groups, conservative and operative.
Regarding surgical timing, direct intracranial surgery in the acute stage, particularly within the first week after bleeding, generally gives poor results. In our series, surgery within 7 days resulted in an operative mortality of 18.4% and only 59% of the patients returned to work. However, the worst results, 24.1% mortality, followed the surgery performed from 3 to 7 days after bleeding, with the majority of patients dying from postoperative vasospasm. On the other hand, the peracute surgery, within 48 hours of the ictus, particularly in the patients without multiple attacks of bleeding, was followed by better results. These facts confirm our previous observation 6 that operation in the very early stage, together with removal of the subarachnoid clot and ventricle drainage, lessens the hazard of high intracranial pressure as well as postoperative vasospasm, resulting in less mortality and better functional recovery.
Another argument related to surgery on ACoA aneurysms has been concerned with the psychiatric morbidity. ~,l~ Although Storey 25 found the lowest psychiatric complication rate and least severely impaired patients in aneurysms of the ACoA, other studies 14' 18 based on various psychometric tests reported the highest incidence of psychotic symptoms such as Korsakoff's syndrome, memory deficits, and personality impairment present at the time of longterm follow-up studies. However, these sequelae are primarily due in most cases to rupture of the aneurysm itself 12a2 and those observed after intracranial surgery were identical in quality and severity to those observed preoperatively? ,a4a4 In the present study, the late residual psychiatric symptoms were attributable to the organic brain damage secon-dory to intracerebral hematomas or severe vasospasm. This coincides with the observations of others 17,as,~1 that a high frequency of moderate and severe changes was found in those patients who had multiple bleeding episodes, prolonged disturbance of consciousness, and hydrocephalus. Moreover, it has been agreed that even moderate to severe psychiatric symptoms greatly improve in the course of time to the extent that most patients are able to regain their previous capacity and can return to their former social activities? ,1~ Patients have been reported whose personality was even improved relative to their prerupture state? TM We believe that the chance of cure of patients with ruptured ACoA aneurysms should never be discounted for fear of the development of postoperative psychiatric symptoms. In fact, operative mortality and morbidity, both early and late, were not worse in the aneurysms at this site than those at other sites in our series?
Nevertheless, psychiatric symptoms may worsen after intracranial surgery, so great care should be taken not to injure the brain tissue or any branch of the anterior cerebral-anterior communicating complex during intracranial operation on ACoA aneurysms.
